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ALTERNATOR ASSEMBLY HAVING A
GATED DIODE ARRANGED IN A LOAD
PATH BETWEEN AN INPUT TERMINAL

AND AN OUTPUT TERMINAL

BACKGROUND

Vehicle generators powered by the engine of an automo-
bile are used to load car batteries. A rectifier assembly of a
battery charging circuit rectifies the alternating voltage
output by the vehicle generator and provides a rectified
battery charge voltage to the car battery. The rectifier assem-
bly 1s typically based on pn diodes providing a low forward
bias voltage to minimize power losses as well as a well-
defined reverse breakdown characteristics to reliably protect
clectronic circuits 1n the vehicle 1n the case of a load dump.
It 1s desirable to provide battery charging and generator
assemblies with improved performance.

SUMMARY

According to an embodiment a battery charging assembly
includes a gated diode arranged 1n a load path between an
input terminal for inputting alternating voltage and an output
terminal for supplying a rectified battery charge voltage
derived from the input alternating voltage.

According to a further embodiment, a gated diode
includes a base which 1s configured to be press-fit into an
opening of a diode carrier plate. The gated diode may be
press-fitted from both sides of the diode carrier plate. The
base includes a pedestal portion with a first flat surface. A
head wire includes a wire portion and a head portion with a
second flat surface. A semiconductor die includes a gated
diode structure. A first solder layer engages and electrically
connects the semiconductor die with the first flat surface of
the base. A second solder layer engages and electrically
connects the semiconductor die with the second flat surface
of the head wire.

According to yet a further embodiment, a gated diode
includes source zones and a drain zone which are both of a
first conductivity type. The source zones directly adjoin a
first surface of a semiconductor die and the drain zone
directly adjoins an opposite second surface of the semicon-
ductor die. The drain zone includes a drift zone formed 1n an
epitaxial layer of the semiconductor die. Base zones of a
second conductivity type, which is the opposite of the first
conductivity type, are provided between the drain zones and
the source zones. The drift zone further includes adjustment
zones directly adjoining a base zone and arranged between
the respective base zone and the second surface, respec-
tively. A net dopant concentration 1n the adjustment zone 1s
at least twice a net dopant concentration in the second
sub-zone.

Those skilled 1n the art will recognize additional features
and advantages upon reading the following detailed descrip-
tion and on viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the invention and are incorporated
in and constitute a part of this specification. The drawings
illustrate the embodiments of the present mmvention and
together with the description serve to explain principles of
the invention. Other embodiments of the invention and
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2

intended advantages will be readily appreciated as they
become better understood by reference to the following

detailed description.

FIG. 1A 1s a schematic block diagram showing a vehicle
generator with a battery charging assembly according to an
embodiment.

FIG. 1B 1s a simplified circuit diagram of a battery
charging assembly according to an embodiment.

FIG. 1C 1s a schematic partial cutaway of a gated diode
with a press-fit housing according to a further embodiment.

FIG. 2A 1s a schematic cross-sectional view of a portion
of a semiconductor die of a gated diode 1n accordance with
an embodiment providing an adjustment zone directly
adjoining a base contact zone.

FIG. 2B 1s a schematic cross-sectional view of a portion
of a semiconductor die of a gated diode 1n accordance with
an embodiment providing a body contact zone extending
beyond a well implant zone of the base zone.

FIG. 2C 1s a schematic cross-sectional view of a portion
ol a semiconductor die of a gated diode 1n accordance with
an embodiment providing a base extension zone.

FIG. 2D 1s a schematic cross-sectional view of a portion
of a semiconductor die of a gated diode 1n accordance with
an embodiment without body contact zone.

FIG. 3 1s a schematic cross-sectional view of a portion of
a semiconductor die of a gated diode 1n accordance with an
embodiment providing a gated diode of a pnp type.

FIG. 4 15 a schematic cross-sectional view of a portion of
a semiconductor die in accordance with an embodiment
providing a gated diode of a super junction type.

FIG. 5 1s a schematic cross-sectional view of portions of
a semiconductor die 1n accordance with an embodiment
providing an edge termination construction.

FIG. 6 1s a schematic perspective view of a semiconductor
die 1n accordance with a further embodiment.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings, which form a part hereof, and
in which are shown by way of illustrations specific embodi-
ments 1n which the invention may be practiced. It 1s to be
understood that other embodiments may be utilized and
structural or logical changes may be made without departing
from the scope of the present invention. For example,
teatures 1llustrated or described for one embodiment can be
used on or i conjunction with other embodiments to yield
yet a further embodiment. It 1s intended that the present
invention includes such modifications and vanations. The
examples are described using specific language which
should not be construed as limiting the scope of the append-
ing claims. The drawings are not scaled and are for 1llus-
trative purposes only. For clarity, the same elements have

been designated by corresponding references in the different
drawings 1 not stated otherwise.
The terms “having”, “contaiming”, “including”, “compris-

ing” and the like are open and the terms indicate the
presence ol stated structures, elements or features but not
preclude additional elements or features. The articles “a”,
“an” and “the” are mtended to include the plural as well as
the singular, unless the context clearly indicates otherwise.

The term “electrically connected” describes a permanent
low-ohmic connection between electrically connected ele-
ments, for example a direct contact between the concerned
clements or a low-ohmic connection via a metal and/or
highly doped semiconductor. The term “electrically
coupled” includes that one or more ntervening element(s)
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adapted for signal transmission may be provided between
the electrically coupled elements, for example elements that
are controllable to temporarily provide a low-ohmic con-
nection 1n a first state and a high-ohmic electric decoupling
in a second state.

The Figures illustrate relative doping concentrations by
indicating “-"" or “+” next to the doping type “n” or “p”. For
example, “n~”” means a doping concentration which 1s lower
than the doping concentration of an “n”’-doping region while
an “n”’-doping region has a higher doping concentration
than an “n”-doping region. Doping regions of the same
relative doping concentration do not necessarily have the
same absolute doping concentration. For example, two dii-
ferent “n”’-doping regions may have the same or different
absolute doping concentrations.

FIG. 1A shows a battery charging assembly 500 with
mput terminals for receirving alternating voltage from a
vehicle generator (alternator) 600. Subject to the number of
stator windings of the vehicle generator 600, the battery
charging assembly 500 may include one, two, three or more
input terminals. The battery charging assembly 500 rectifies
the alternating voltage received from the vehicle generator
and supplies a rectified battery charge voltage to a car
battery 700.

As 1llustrated 1n FIG. 1B, the vehicle generator 600 may
include three stator windings 610 for generating three phases
ol alternating voltage, each phase displaced by one-third of
a period of the alternating voltage with respect to the other
phases. The current 1n the stator windings 610 1s induced by
the magnetic field of a turning rotor winding 620.

The battery charging assembly 500 includes a rectifier
assembly 510. For each mput terminal connecting the rec-
tifier assembly 510 with one of the stator windings 610, the
rectifier assembly 510 provides a pair of gated diodes 400
(gate-controlled diodes, channel diodes) such that the output
current 1s supplied during both the positive and the negative
half-periods of the phases. Cathode terminals of a first set of
the gated-diodes 400 for supplying the rectified battery
charge voltage during the positive half-periods are con-
nected with each other and the anode terminal of the car
battery 700. Anode terminals of a second set of the gated-
diodes 400 for supplying the rectified battery charge voltage
during the negative half-periods are connected with each
other and the cathode terminal of the car battery 700.

A controller circuit 520 controls a voltage across the rotor
winding 620 subject to the output voltage of the rectifier
assembly 510 to obtain a specified output voltage.

The gated diodes 400 provide a low forward bias voltage
or on state resistance RDSon such that the rectifier assembly
510 dissipates less power than comparable rectifier assem-
blies based on pn diodes.

With regard to rectifier assemblies based on Schottky
diodes, the forward bias voltage of Schottky diodes 1is
defined by the metal materials providing the Schottky junc-
tion and cannot be varied easily by simply modifying
process parameters. As a result any change of the specifi-
cation of the forward bias voltage due to modified applica-
tion requirements requires an elaborate change of the manu-
facturing process. Further the metal materials tend to
degrade during lifetime under harsh environmental condi-
tions. In contrast, the on-state resistance or forward bias
voltage of the gated-diodes 400 1s subject to device param-
cters, which can be modified by simply modifying a well
controllable process parameter like dopant concentration or
layer thickness, for example the thickness of the gate dielec-
tric, which are stable even under harsh environmental con-

ditions.
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FIG. 1C 1s a partial cutaway of a gated diode 400. A
pedestal portion 415 has a smaller cross-sectional area than
a socket portion 416 of the base 410. According to an
embodiment, the gated diode 400 1s rotational-symmetric
with respect to a longitudinal axis 401 and the pedestal
portion 415 has a smaller diameter than the socket portion
416. The socket portion 416 may have a serrated lateral
surface 416a such that the socket portion 416 can be
press-fitted mto an opeming of a diode carrier plate. The
pedestal portion 415 has a first flat surface 411. An engage-
ment portion 412, for example a ring having a diameter
smaller than that of the socket portion 416 and greater than
that of the pedestal portion 415 may extend from the socket
portion 416 at the side of the pedestal portion 415.

A head wire 490 includes a head portion 495 with a
second flat surface 491 which surface area 1s approximately
as large as that of the first flat surface 411. A wire portion 496
of the head wire 490 has a smaller diameter than the head
portion 495 and provides a terminal supporting attachment
ol a cable connection. The head wire 490 and the base 410
are arranged at a distance to each other with the first and
second flat surfaces 411, 491 being parallel to each other and
with the longitudinal axes of the base 410 and the head wire
490 coinciding. A gap of uniform width results between the
base 410 and the head wire 490. In the gap, a first solder
layer 451 engages and electrically connects a semiconductor
die 300 with the base 410. A second solder layer 459 engages
and electrically connects the semiconductor die 300 with the
head wire 490. A passivation structure 435 may seal an inner
portion of the gap with the semiconductor 300. Subject to
the orientation of the semiconductor die 300 1n the gated
diode 400, the base 410 may provide the cathode or the
anode terminal.

A sleeve 450 may be engaged on the imner diameter of the
peripheral portion 412 and may enclose the pedestal portion
415, the head portion 495 and the gap between the head
portion 495 and the pedestal portion 415. A {ill matenial 4355
may 1ill a space shrouded by the sleeve 450.

According to the embodiments, the semiconductor die
300 includes a gate controlled diode structure. Providing a
gated diode with a press-fit housing allows for improved
rectifier assemblies with diode carrier plates having open-
ings for press-fit housings. Conventional diode carrier plates
may be used without modifications allowing a one-to-one
replacement of pn and Schottky diodes by gated diodes in
existing rectifier assemblies, battery charging assemblies
and vehicle generators.

FIG. 2A shows a portion of a semiconductor die 300
including a gate controlled diode structure 305 which may
be provided in the gated diode 400 of FIG. 1C and 1n the
gated diodes 400 of the rectifier arrangement 510 of FIG.
1B.

The semiconductor die 300 includes a semiconductor
body 100 which 1s formed from a semiconductor substrate.
The semiconductor body 100 is provided from a semicon-
ducting material, for example silicon Si1, silicon carbide Si1C,
germanium Ge, silicon germanium SiGe, gallium nitride
GaN or galllum arsenide GaAs. Outside the illustrated
portion, the semiconductor body 100 may include further
doped and undoped sections, epitaxial semiconductor layers
and previously or later fabricated insulating and conducting
structures.

The semiconductor body 100 has a first surface 101 and
a second surface 102 which 1s opposite to the first surface
101. Along the first surface 101, source zones 110 are
formed 1n the semiconductor body 100. A drain zone 130
directly adjoins the second surface 102. Both the drain zone
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130 and the source zones 110 have a first conductivity type.
The drain zone 130 includes a drift zone 138 formed 1n a
lightly doped epitaxial layer 104 of the semiconductor body
100. Base zones 120 are formed between the source zones
110 and the drain zone 130. The base zones 120 have a
second conductivity type, which 1s the opposite of the first
conductivity type. In the illustrated example, the first con-
ductivity type 1s the n-type and the second conductivity type
1s the p-type. According to other embodiments, the first
conductivity type 1s the p-type and the second conductivity
type 1s the n-type.

Each base zone 120 may comprise a well implant zone
124 or may include further doped zones which may partly
overlap with the well implant zone 124. The well implant
zone 124 may be formed by counter-doping the lightly
doped epitaxial layer 104 by introducing, for example by an
implant process, impurities of the second conductivity type
into a predefined section of the epitaxial layer 104. Accord-
ing to an embodiment, each base zone 120 may include a
channel adjustment zone 122 formed within the well implant
zone 124 and having a net dopant concentration that is
higher than the net dopant concentration 1n the well implant
zone 124 outside the channel adjustment zone 122. Accord-
ing to an embodiment the net dopant concentration 1n the
channel adjustment zone 122 1s at least two times, for
example at least ten times, the net dopant concentration
outside the channel adjustment zone 122. The channel
adjustment zone 122 overlaps with a gate electrode 250 and
allows for shaping a conductive channel between the source
zones 110 and the drain zone 130 subject to application
requirements. Other embodiments may provide the base
zones 120 without the channel adjustment zones 122.

Other embodiments may provide a base contact zone 121
formed completely within the well implant zone 124 or
partly overlapping the well implant zone 124. The base
contact zone 121 directly adjoins the first surface 101 and
may be provided between neighboring source zones 110, by
way ol example. For example, one single source implant
zone may be formed by locally counter-doping predefined
sections of the well implant zone 124 and the base contact
zone 121 may be formed by counter-doping a predefined
section of the source implant zone. A net dopant concentra-
tion of the base contact zone 121 1s higher than the net
dopant concentration in the well implant zone 124 outside
the base contact zone 121. According to an embodiment the
net dopant concentration in the base contact zones 121 1s at
least two times, for example at least ten times the net dopant
concentration outside the base contact zones 121. The base
contact zones 121 provide a low-ohmic interface to the well
implant zone 124 whereas the more lightly doped well
implant zone 124 provides a high reverse breakdown voltage
which 1s the mmimum reverse voltage at which the gate
controlled diode structure breaks through.

Gate dielectrics 210 separate the gate electrodes 250 from
the base zones 120. According to an embodiment, the gate
clectrodes 250 may be provided 1n trenches extending from
the first surface 101 into the semiconductor body 100.
According to the 1llustrated embodiment, the gate electrodes
250 are provided outside the volume of the semiconductor
body 100. The gate electrodes 250 may be provided from a
material providing a suitable work function, for example
highly doped polycrystalline silicon.

A potential applied to the gate electrode 250 of the gate
controlled diode structure 305 controls the charge carrier
distribution 1n a channel portion of the base zones 120 along
the gate dielectric 210. In an on-state, charge carriers of the
first conductivity type accumulate 1n the channel portion
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adjoining the gate dielectric 210 and form a conductive
channel between the source zones 110 and the drain zone
130. In an off-state, the base zones 120 electrically separate
the source zones 110 from the drain zone 130.

A first electrode layer 310, which in the illustrated
embodiment provides an anode electrode of the gated diode
structure 305, 1s electrically connected to the source zones
110 and the body zones 120 through contact portions 312
extending between the gate electrodes 250 and directly
adjoining the semiconductor body 100. A dielectric structure
220 may separate the first electrode layer 310 from the drain
layer 130. A second electrode layer 320, which 1n the
illustrated embodiment provides a cathode electrode, may
directly adjoin the second surface 102.

The dielectric structure 220 may include one or more
sub-layers, for example an adhesive layer, a bufler layer
and/or a diffusion barrier layer. According to an embodi-
ment, the dielectric structure 220 includes a thermally grown
silicon oxide layer which may be formed contemporane-
ously with the gate dielectric 210. The dielectric structure
220 may further include a diffusion barrier layer, for
example a silicon nitride or silicon oxynitride layer. A thin
s1licon oxide layer can be provided from deposited oxide, for
example using TEOS (tetraethylorthosilane) as a precursor
material, or a silicate glass, for example undoped silicate
glass, to form an adhesive or buller layer. The dielectric
structure 220 may further include a main layer provided
from BSG (boron silicate glass), PSG (phosphorous silicate
glass) or BPSG (boron phosphorous silicate glass). Other
embodiments may provide less or more sub-layers.

At least one of the first and second electrode layers 310,
320 may consist of or include a sub-layer consisting of or
containing, as main constituent(s) aluminum Al, copper Cu
or alloys of aluminum or copper, for example AlS1, AlCu or
AlS1Cu. According to other embodiments, at least one of the
first and second electrode layers 310, 320 consists of or
includes a sub-layer containing, as main constituent(s), at
least one of nickel Ni, titantum Ti, silver Ag, gold Au,
platinum Pt and/or palladium Pd. For example, at least one
of the first and second electrode layers 310, 320 may include
two or more sub-layers, each sub-layer containing one or
more of N1, Tig, Ag, Au, Pt, Pd as main constituent(s) and/or
alloys therefrom. The first and second electrode layers 310,
320 may include metal silicide structures formed selectively
along interfaces to the semiconductor body 100 and/or the
gate electrodes 250.

The drain zone 130 further includes adjustment zones 132
of the first conductivity type. Each adjustment zone 132 is
assigned to one of the gate controlled diode structures 305.
For each gate controlled diode structure 305, the adjustment
zone 132 directly adjoins the base zone 120 and 1s arranged
in a vertical direction orthogonal to the first surface 101
between the base zone 120 and the second surface 102.
According to an embodiment, the adjustment zone 132
adjoins the base zone 120 where the net dopant concentra-
tion gradient 1n the vertical direction 1s the steepest. The net
dopant concentration in the adjustment zone 132 is at least
two times, for example at least ten times the net dopant
concentration in the portions of the drift layer 138 adjoining
the adjustment zone 132. The adjustment zone 132 may
result from a surface implant performed during the epitaxial
growth of the epitaxial layer 104 or as a deep implant after
completion of the epitaxial layer 104.

Since the adjustment zone 132 1s formed by an implant
which position and dose can be precisely defined, the
adjustment zone 132 provides a well-defined interface
between the base zone 120 and the drain layer 130 1n terms
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of the dopant concentration gradients even where the drift
zone 138 1s formed 1n the epitaxial layer 104, where the
dopant concentration can fluctuate due to process imhomo-
geneities. Since the mimimum reverse breakdown voltage 1s
subject to the steepest dopant concentration gradient the
breakdown condition appears first at the well-defined inter-
tace between the body contact zone 121 and the adjustment
zone 132. The reverse breakdown voltage can be narrowly
specified, since among a plurality of gated diodes resulting
from the same manufacturing process, the distribution of the
dopant concentration gradients and, as a consequence, the
actual reverse breakdown voltages 1s narrow. Gated diodes
based on the semiconductor die 300 can be specified with
very narrow tolerances as regards the reverse breakdown
voltage and reliably dissipate generator power 1n the case of
a load dump. This characteristic 1s long time stable.

By comparison, since 1 Schottky diodes the reverse
current 1s closely linked to the voltage drop at the Schottky
junction, some designs provide shifting the position of the
maximum electric field strength in the semiconductor body
away from the Schottky junction in order to reduce the
voltage drop at the Schottky junction. To this purpose some
designs provide trenches such that the reverse breakdown
takes place close to the trench bottom. However, edges and
corners of the trenches may locally increase the electric field
strength 1n a way which 1s diflicult to be predicted and
controlled 1n a manufacturing environment. As a result, the
breakdown voltage of Schottky diodes varies comparatively
strongly among devices of the same type and, 1n addition,
may vary with time due to material degradation under harsh
environmental conditions.

As a consequence, for example a rectifier arrangement as
illustrated 1 FIG. 1B using a semiconductor die 300 with
the gate controlled diode structure 305 1llustrated in FIG. 2A
can be narrowly specified as regards load dump conditions.
Electronic circuits connected to the battery charging circuit
or the car battery can operate more reliable at less eflort at
the side of the electronic circuits.

The adjustment zones 132 may adjoin central sections of
the base zones 120, respectively. For example, the adjust-
ment zones 132 may be formed 1n the projection of the base
contact zones 121. Other embodiments may provide contact
trenches extending between adjoining source zones 110
from the first surface into the semiconductor body 100,
wherein the contact structures 312 extend into the contact
trenches to electrically connect the first electrode layer 310
with the base zones 120. The contact trenches may be
provided 1n addition to or instead of the base contact zones
121. The adjustment zones 132 may be formed in the
projection of the contact trenches.

According to an embodiment, in a central portion of the
semiconductor die 300 the adjustment zones 132 adjoin
center sections of the base zones 120, whereas 1n a periph-
eral portion oriented closer to an edge of the semiconductor
die 300 the adjustment zones 132 may be displaced from the
center sections such that the local reverse breakdown volt-
age 1s icreased with decreasing distance to the edge of the
semiconductor die 300. According to other embodiments,
the distance between the adjustment zones 132 and the first
surface 101 and/or the dopant concentration in the adjust-
ment zones 132 may be subject to the distance to the edge
of the semiconductor die 300 such that gate controlled diode
structures 305 closer to the edge have a slightly higher
reverse breakdown voltage than gate controlled diode struc-
tures 305 1n the center portion.

Where 1n FIG. 2A the body contact zone 121 1s com-
pletely formed within the well implant zone 124, the
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embodiment of FIG. 2B provides the body contact zone 121
extending deeper 1nto the epitaxial layer 104 than the well
implant zone 124 and the adjustment zone 132 being formed
at a distance to the well implant zone 124 to better define the
pn-junction with the steepest dopant concentration gradient.

FIG. 2C shows an embodiment providing a shallow base
contact zone 121 that 1s formed completely within the well
implant zone 124 and that does not reach the drift zone 138.
A base extension zone 129 i1s formed between the well

implant zone 124 and the adjustment zone 132. A net dopant
concentration in the base extension zone 129 may be higher
than in the well implant zone 124 but lower than in the base
contact zone 121. The net dopant concentration 1n the base
extension zone 129 does not depend on the net dopant
concentration 1n the base contact zone 121. As a conse-
quence, the mimmimum reverse breakdown voltage can be
tuned independently from requirements for the base contact
zone 121. The base extension zone 129 may be connected
with the well implant zone 120 along a center section of the
well implant zone 120. For example, the base extension zone
129 may be formed in the projection of the base contact zone
121. According to embodiments providing a contact trench
extending from the first surface 101 into the semiconductor
body 100, the base extension zone 129 may be provided in
the projection of the contact trench.

According to another embodiment, in a central portion of
the semiconductor die 300 the base extension zones 129 may
adjoin center sections of the base zones 120, whereas 1n a
peripheral portion oriented closer to an edge of the semi-
conductor die 300 the base extension zones 129 and the
adjustment zones 132 may be displaced from the center
sections such that the local reverse breakdown voltage 1s
increased with decreasing distance to the edge of the semi-
conductor die 300. According to other embodiments, the
distance between the base extension zones 129 and the first
surface 101 and/or the dopant concentrations in the adjust-
ment zones 132 and the base extension zones 129 may be
subject to the distance to the edge of the semiconductor die
300 such that gate controlled diode structures 305 closer to
the edge have a slightly higher reverse breakdown voltage
than gate controlled diode structures 305 in the center
portion.

FIG. 2D refers to an embodiment where the source zones
110 are formed from spatially separated implants to provide
a low-ohmic connection to the base zone 120 at lower total
dopant concentrations. The reverse breakdown voltage is
specified by the interface between the well implant zone 120
and the adjustment zone 132.

Where FIG. 2C refers to a gated npn diode, FIG. 3 refers
to a corresponding gated pnp diode with an n-type base
zone. Each of the doped zones and layers in FIG. 3 have the
opposite conductivity type of the corresponding doped zones
and layers 1n FIG. 2C.

FIG. 4 refers to a gated diode 305 of the super junction
type. The epitaxial layer 104 includes first columns 136 of
the first conductivity type and second columns 126 of the
second conductivity type. The first and second columns 136,
126 extend 1n a vertical direction perpendicular to the first
surface 101 and are alternatingly arranged. The first columns
136 form portions of the drift zone 138 that directly adjoin
the base zones 120. The drift zone 138 may further include
a contiguous portion between the substrate layer 138 and the
first and second columns 136, 126. Each second column 126
1s connected with one of the base zones 120. The net dopant
concentration in the first columns 136 may be the same of
may be higher than 1n the contiguous portion.
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A comparatively high net dopant concentration 1n the first
columns 136 results 1n a low on-state resistance or forward
bias voltage of the gate controlled diode structure 305. On
the other hand, when a reverse voltage 1s applied, depletion
zones extend between the first and second columns 136, 126
in a lateral direction such that a high reverse breakdown
voltage can be achieved despite the high dopant concentra-
tion 1n the first columns 136.

Adjustment zones 132 are provided 1n a vertical projec-
tion between the second columns 126 and the second surface
102, the adjustment zones 132 directly adjoining a bottom of
the second columns 126 and resulting from an implant
process. The adjustment zones 132 precisely define the
reverse breakdown voltage. In addition, base extension
zones may be provided between the second columns 126 and
the adjustment zones 132.

FIG. 5 refers to an embodiment using implant processes
for the formation of the adjustment zones 132 and the base
extension zones 129 1n a central portion 191 of the semi-
conductor die 300 for the formation of an edge termination
construction in an edge portion 199 of the semiconductor die
300. The edge portion 199 includes first edge zones 129q
corresponding to the base extension zones 129 and second
edge zones 132a corresponding to the adjustment zones 132.
The first edge zones 129a may be connected with the first
clectrode layer 310 through further doped zones 1214, 124a
of the same conductivity, which directly adjoin the first
surface 101. A dielectric edge structure 290 may be formed
along a vertical edge of the semiconductor die 300 between
the first and second surfaces 101, 102.

The first and second edge zones 129a, 132a correspond to
the base extension zones 129 and adjustment zones 132 with
respect to the distance to the first surface 101 and with
respect to the dopant concentrations. The first and second
edge zones 129a, 132a have a layered structure with
approximately flat and uniform interface in terms of dopant
concentration gradients between the first and second edge
zones 129a, 132a. The mterface ends at right angles at the
dielectric edge structure 290. Due to the uniform interface,
the local breakdown voltage in the edge portion 199 1s
slightly higher than 1n the central portion 191 providing
bubble-shaped adjustment zones 132 and base extension
zones 129 with non-uniform interfaces between the adjust-
ment zones 132 and the base extension zones 129. Break-
through conditions in the edge portion 199 which could
spread the frequency distribution of the breakdown voltage
of gated diodes of the same type can be avoided.

FIG. 6 shows a circular-shaped semiconductor die 300
formed from a semiconductor substrate 390, wherein a
ring-shaped edge portion 199 surrounds a central portion
191 of the semiconductor die 300. The circular-shaped
semiconductor die 300 fits well 1n a rotational symmetric
press-fit housing e.g. as illustrated 1n FIG. 1C.

In the central portion 191 gate controlled diode structures
305 include bubble-shaped adjustment zones 132 and base
extension zones 129 with non-uniform interfaces between
the adjustment zones 132 and the base extension zones 129.
The edge portion 199 1ncludes first and second edge zones
129a, 1324 having a layered structure with a flat and, 1n
terms ol dopant concentration gradients, uniform interface
between the first and second edge zones 1294, 132a. The
interface ends at right angles at a DTI (deep trench insulator)
380, which may be a trench passivated by an oxide layer
lining the trench. The DTIs 380 may be filled completely or
only to a little account with an oxide such that the semi-
conductor die 300 may be separated from the surrounding
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semiconductor substrate 390 by a mechanical step including,
sawing and expanding a dicing tape provided for sawing.

A turther embodiment refers to a generator assembly that
includes a generator adapted to be powered by an automo-
bile engine and to load a car battery when mounted 1n a
vehicle and powered by the automobile engine of the
vehicle. A rectifier assembly includes a gate controlled diode
arranged 1 a load path between an mput terminal for
inputting alternating current and an output terminal for
outputting a rectified battery charge voltage. The 1nput
terminal 1s electrically coupled to a stator winding of the
generator.

According to an embodiment the rectifier assembly
includes a diode carrier plate with an opening, wherein a
gated diode 1s press-fitted into the opening. The gated diode
may 1nclude a base adapted to be press-fitted into the
opening and a pedestal portion with a first flat surface. The
gated diode may further include a head wire that includes a
head portion with a second flat surface and a wire portion.
A first surface of the semiconductor die 1s soldered to the flat
surface of the pedestal portion of the base and a second
surface of the semiconductor die i1s soldered to the flat
surface of the head portion of the head wire. The gated diode
may be one as described above.

A further embodiment includes a semiconductor sub-
strate, e.g. a semiconductor watfer, including a plurality of
identical semiconductor dies for gated diodes. Each semi-
conductor die includes source zones and a drain zone of a
first conductivity type, the source zones directly adjoining a
first surface and the drain zone directly adjoining an oppo-
site second surface of the respective semiconductor die, the
drain zone comprising a driit zone formed 1n an epitaxial
layer of the semiconductor die. Base zones of a second
conductivity type opposite to the first conductivity type, are
provided between the drain zone and the source zones. The
drain zone comprises adjustment zones, wherein each
adjustment zone directly adjoins one of the base zones and
1s arranged between the respective base zone and the second
surface. The adjustment zones have a net dopant concentra-
tion at least twice a net dopant concentration in portions of
the drift zone adjoimning the adjustment zones. Further
embodiments of the semiconductor substrate correspond to
the embodiments of gated diodes as described by reference
to the Figures.

What 1s claimed 1s:

1. An alternator assembly, comprising:

an 1mput terminal configured to mput an alternating volt-

age;

an output terminal configured to output a rectified voltage;

and

a gated diode arranged in a load path between the 1nput

terminal and the output terminal,

wherein the gated diode 1s a channel diode comprising a

gate electrode separated by a gate dielectric, the gate
clectrode being configured to provide channel control.

2. The alternator assembly of claim 1, wherein the gated
diode comprises a semiconductor die comprising a source
zone and a drain zone of a first conductivity type and a base
zone of a second conductivity type, which 1s the opposite of
the first conductivity type, the base zone formed between
and separating the source zone and the drain zone.

3. The alternator assembly of claim 2, wherein the gate
clectrode 1s electrically connected to the source zone and the
body zone.

4. The alternator assembly of claim 2, wherein the source
zone directly adjoins a first surface of the semiconductor die,
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and wherein the drain zone directly adjoins an opposite
second surface of the semiconductor die and comprises a
driit zone.

5. The alternator assembly of claim 4, wherein the drain
zone comprises an adjustment zone between the base zone
and the second surface, and wherein 1n a vertical projection
of the base zone with respect to the first surface, a net dopant
concentration in the adjustment zone 1s at least twice a net
dopant concentration in portions of the drift zone adjoining
the adjustment zone.

6. The alternator assembly of claim 5, wherein the adjust-
ment zone adjoins the base zone in a section where a
gradient of the net dopant concentration in the base zone 1n
a vertical direction orthogonal to the first surface 1s steepest.

7. The alternator assembly of claim 4, wherein the drain
zone comprises a substrate layer having a net dopant con-
centration at least ten times the net dopant concentration 1n
the drift zone.

8. The alternator assembly of claim 7, wherein the drnift
zone separates the substrate layer from the adjustment zone.

9. The alternator assembly of claim 4, wherein the drnit
zone 1s formed 1n an epitaxial layer of the semiconductor
die.

10. The alternator assembly of claim 2, further compris-
ng:

a first column of the first conductivity type extending in

a vertical direction between the base zone and the drift
layer; and

a second column of the second conductivity type extend-
ing 1n the vertical direction and connected with the base
zone,

wherein the adjustment zone 1s formed in the vertical
direction of the second column and directly adjoins the
second column.

11. The alternator assembly of claim 1, wherein the gated

diode comprises:

a base configured to be press-fit into an opening of a diode
carrier plate and comprising a pedestal portion with a
first flat surface; and

a head wire comprising a head portion with a second flat
surface and a wire portion, the base and head wire
forming parts of a press-fit housing.

12. The alternator assembly of claim 11, wherein the
semiconductor die 1s soldered to the first flat surface of the
pedestal portion of the base and to the second flat surface of
the head portion of the head wire.

13. The alternator assembly of claim 11, wherein the base
comprises a socket portion with a serrated lateral surface.

14. The alternator assembly of claim 1, wherein the gated
diode comprises:
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a base configured to be press-fit into an opening of a diode
carrier plate and comprising a pedestal portion with a
first flat surface;

a head wire comprising a head portion with a second flat
surface and a wire portion, the base and the head wire
forming parts of the press-fit housing;

a semiconductor die;

a first solder layer engaging and electrically connecting
the semiconductor die with the first flat surface of the
base; and

a second solder layer engaging and electrically connecting,
the semiconductor die with the second flat surface of
the head wire.

15. The alternator assembly of claim 14, wherein the
semiconductor die comprises a source zone and a drain zone
of a first conductivity type and a base zone of a second
conductivity type, which 1s the opposite of the first conduc-
tivity type, the base zone formed between and separating the
source zone and the drain zone.

16. The alternator assembly of claim 15, wherein the gate
clectrode 1s electrically connected to the source zone and the
body zone.

17. The alternator assembly of claim 15, wherein the
source zone directly adjoins a first surface of the semicon-
ductor die, and wherein the drain zone directly adjoins an
opposite second surface of the semiconductor die and com-
prises a drift zone.

18. The alternator assembly of claim 17, wherein the drain
zone comprises an adjustment zone between the base zone
and the second surface, and wherein 1n a vertical projection
ol the base zone with respect to the first surface, a net dopant
concentration in the adjustment zone 1s at least twice a net
dopant concentration in portions of the drift zone adjoining
the adjustment zone.

19. The alternator assembly of claim 15, further compris-
ng:

a first column of the first conductivity type extending in

a vertical direction between the base zone and the drift
layer; and

a second column of the second conductivity type extend-
ing 1n the vertical direction and connected with the base
Zone,

wherein the adjustment zone 1s formed i1n the vertical
direction of the second column and directly adjoins the
second column.

20. The alternator assembly of claim 14, wherein the base

comprises a socket portion with a serrated lateral surface.
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